We have developed a program to determine the number, length and position of exact consecutive repeats of short sequences in DNA fragments or whole genomes. The program also gives the statistical significance of results by comparing them with those expected for a random sequence generated according to a Markovian model. Availability: MREPATT can be accessed on line at
INTRODUCTION
Many authors have studied repetitive sequences in DNA (Burge et al., 1992; Field and Wills, 1996; Tóth et al., 2000 and references quoted therein). In particular, Katti et al. (2001) have recently published a very thorough description of simple sequence repeats in eukaryotic genome sequences, and Subramanian et al. (2003a,b) have performed an extensive analysis of triplets repeats in the complete human genome and of GATA repeats in prokaryotic and eukaryotic genomes. We have found that some alternating AT sequences may adopt a new form of DNA with Hoogsteen basepairing (Abrescia et al., 2002) . It is also known that AT rich sequences are polymorphic and may also acquire other structures, as reviewed by Abrescia et al. (2002) . However, there is no evidence for the presence of such alternative structures of DNA 'in vivo'. Also, the study of mutational rates along the mammalian genome suggests that genes with a very high GC content in humans have experienced the highest synonymous divergences from the mouse (Castresana, 2002) .
The growing interest in this kind of structure has no counterpart within computer programs. Some species-specific web sites offer search and analysis tools (e.g. http://genomewww.stanford.edu) but these tools can only be applied to * To whom correspondence should be addressed. their data. Therefore most researchers must write their own scripts in order to manage different genome databases. For this reason, we decided to develop a new tool named MREPATT aimed at determining Multiple consecutive REpeated PATTerns in DNA sequences.
The program works as follows: once some patterns are defined, the program searches for consecutive repetitions of each pattern within the given query sequences. These sequences can be selected from our genome database or can be submitted by the user. The output is composed of several tables, plots and maps that allow a detailed analysis of the data and their statistical significance. The tables are the longest consecutive repetition found for every pattern and sequence, the frequency of bases and the conditional probability between two consecutive bases for every sequence. Several graphical representations of the results and their comparison with the statistically expected values are also provided. For instance, there is a plot which compares the frequency of the repeated pattern with its expected value in a random model. Finally, the output also gives a map which zooms into the location of these pattern repeats in sequences (a complete example is available in the web site).
The program differentiates between accumulated (or included) occurrences and non-accumulated (or single) occurrences. The first case takes into account the repeats located in larger repeats. For instance, the repeat ppp contains twice pp and thrice p. Instead, non-accumulated occurrences do not take into account repeats included in larger ones.
MREPATT compares the results of accumulated occurrences computed in a genomic sequence with their theoretical expected value in a random model associated with this sequence. The model we have used is a Markov chain of order one, because it provides the expected value of the number of times that a repeated pattern appears in a sequence (Régnier, 1998) . The values of the transition matrix have been estimated by the conditional probability between two consecutive bases in the query sequence (Reinert et al., 2000) . As the theoretical model of accumulated occurrences clearly 
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shows the significance of data, a model for non-accumulated occurrences is unnecessary.
MREPATT has been written in C++ and the web interface with Perl. The search is done with an automata that contains the set of patterns given by the user. The construction time of the automata is negligible compared with the search time, which is linear with respect to the length of the genomic sequence. This search algorithm is efficient when the set of patterns is known and their length is much shorter than the length of the text, or the genome in our case (Stephen, 1994, p. 11; Aho and Corasick, 1975) .
The program can be accessed from our web page. The entry page is an easy form where the user can introduce query sequences and patterns. If sequences are selected from our database, the species menu should be opened and either a species or a taxonomic group selected. If the user wants to submit a sequence, then the corresponding upper-right button should be pushed, the e-mail introduced as identifier and the sequence submitted. Patterns are introduced into a textwindow. Some simple patterns (two, three and four bases) have been preprocessed for all genomes of our database. The output page contains a menu with the output options in the left frame which are screened into the right frame.
In order to provide some examples we have analysed several complete genomes and some chromosome fragments. We should note that in complete eukaryote genome sequences, many highly repetitive regions have not been sequenced. An example is the Y chromosome from Drosophila, 80% of which is composed of repeated sequences (Lohe et al., 1993) and has not been sequenced. Obviously, the results obtained with MREPATT only refer to the fully sequenced portions of the genome. Some examples of calculated frequencies are analysed in detail on our web site (supplementary material). MREPATT computes an estimate of the probability of finding that sequence in a random sequence (numbers in parenthesis). An exponential scale is used. Values > 2 indicate very low probabilities. It can be seen that in general bacteria contain few repeats, as it is the case of Escherichia coli, but some exceptions are shown. In summary, the results indicate that eukaryotic organisms contain a wide variety of exact repeats, with no clear general preference for any particular repeat. Among the repeats analysed, (CG) n and (AATT) n are less common.
In general all these simple repeats are present in non-coding regions. Their biological significance as well as that of more complex satellites, is unknown (Clark, 2001 ). However, we should point out that simple exact repeats may have a different function and a different origin (Viguera et al., 2001 ) than conventional more complex satellite sequences, since simple repeats may acquire long non-standard DNA conformations, eventually with associated proteins. It has been suggested (Csink and Henikoff, 1998 ) that they are used to maintain regions of late replication.
